Introduction
Rapid and reliable communication between the male (pollen) and female (pistil) reproductive tissues is essential for successful fertilisation in angiosperms. The tissue of the pistil acts as a physical and chemical interface between the male and female gametophytes, beginning at the stigma surface during pollen germination and continuing until successful fertilisation at the ovule (Hiscock and Allen, 2008) . Many different processes occur simultaneously in pistil tissues, including species recognition, self-incompatibility (SI), pollen hydration, pollen tube growth and pathogen defence (see Swanson et al., 2004; Malho et al., 2006; Wilsen and Hepler, 2007; Hiscock and Allen, 2008 , for reviews). It is clear that a high diversity of both pollen and pistil molecules mediates the complex interactions between these two tissues, but, with the exception of SI, relatively little is known about the molecular pathways involved (Swanson et al., 2004; Sanchez et al., 2004; Edlund et al., 2004) .
In addition to the large range of molecules present in the pistil tissues of a given species, it is likely that a number of specific molecules have diversified between taxa (Swanson et al., 2004) . There are two reasons for this: firstly, genes that are involved in regulating sexual reproduction are likely to evolve at a higher rate than those controlling housekeeping processes (Swanson and Vacquier, 2002) , and secondly genes involved in maintaining species boundaries will be, by their nature speciesspecific, and hence highly diverse between species (Swanson et al., 2004; Edlund et al., 2004) . To date much research into pollen-pistil interactions has focussed on SI and these studies have shown that a high diversity of molecules and processes are employed for the same role of recognizing and rejecting self-pollen (for reviews see Hiscock and McInnis, 2003; Takayama and Isogai, 2005; Franklin-Tong, 2008 ). This suggests that a similar or greater diversity of molecules is likely to regulate compatible pollen-pistil interactions. Certainly, despite the identification of an increasing number of molecules implicated in compatible pollen-pistil interactions, there are few examples of shared genes between species (Lord 2003, Hiscock and Allen, 2008) . However, these types of studies have focussed on specific genes in model species, and the low consensus so far observed between species is largely a consequence of this limited sampling. It is therefore important to extend studies of genes and proteins regulating pollen-pistil interactions to include other species from diverse families of flowering plants. One approach to identifying more genes involved in pollen-pistil interactions in diverse angiosperm species is through the generation of pistil-enriched cDNA libraries, which allows comparison of tissuespecific transcriptomes between species.
Recently, several studies have identified genes expressed in the reproductive tissues of Arabidopsis thaliana, Oryza sativa (rice), Crocus sativus (crocus), and Nicotiana tabacum (tobacco), representing three major angiosperm clades -monocots (rice and crocus), rosids (Arabidopsis) and asterid I (tobacco) (APG II, 2003) . Large data sets have been generated to represent the transcriptomes of pollen and/or pistil tissues at different stages of development (Swanson et al., 2005; Tung et al., 2005; Becker et al., 2003; Li et al., 2007; D'Agostino et al., 2007; Quiapim et al., 2009 ).
Angiosperm stigmas can be broadly classified as either 'wet' or 'dry', depending on the presence or absence of secretions at the stigma surface (Heslop-Harrison and Shivanna, 1977) . Taxa possessing wet stigmas typically secrete an exudate, which allows pollen hydration and germination to occur, even with pollen from other species. By contrast, in species with dry stigmas, pollen adhesion and recognition often precede hydration, and these processes are highly regulated (Dickinson, 1995) .
A. thaliana, O. sativa and C. sativus possess dry stigmas, whereas N. tabacum has a wet stigma (Heslop-Harrison and Shivanna, 1977, Fig. S1 ).
To expand phylogenetic sampling of pistil-enriched/pistil-specific transcriptome data sets to include the asterid II clade we have used suppression subtractive hybridization to construct pistil-enriched cDNA libraries for Senecio squalidus (Oxford Ragwort, Asteraceae). Importantly, S. squalidus possesses a 'semi-dry' stigma that shows features intermediate between dry and wet stigmas (Hiscock et al., 2002) . Like species with dry stigmas the S. squalidus stigmatic papillae possess a surface cuticle, but unlike the typical dry stigma (e.g Brassica sp.) this is not continuous, and does not extend to the base of the papillae, and when stigmas reach maturity a small amount of extracellular secretion is present in these basal regions between papillae (Hiscock et al., 2002) . The semi-dry stigma state, which appears to be common to all members of the Asteraceae (Hiscock et al, 2002; Allen and Hiscock, 2008) , the second largest family of flowering plants, has not been well studied at a molecular level and its evolutionary relationship with wet and dry stigmas is unknown.
The availability of five pistil transcriptome data sets from four major angiosperm clades that together contain >90% of flowering plants has allowed us to compare the diversity and conservation of pistil-expressed genes in species with wet, dry, and semi-dry stigmas across the monocots (C. sativus, Liliales and O. sativa, Poales) and eudicots (A. thaliana, Brassicales, N. tabacum, Solanales and S. squalidus, Asterales) [ Fig. S1 ]. Using these data we investigated two hypotheses: i) the 'semi-dry' stigma of S. squalidus will express genes common to species with both wet and dry stigmas, as well as expressing genes specific to the semi-dry stigma of the Asteraceae, and ii) specific classes of genes potentially essential for pistil function will be conserved between diverse angiosperm groups and therefore common to the five pistil transcriptomes sampled.
Results

Identification and functional classification of putative pistil-specific genes
Three cDNA libraries were created from the cloned products of suppression subtractive hybridisation, each corresponding to pistil-expressed sequences from three different S-genotypes (S 1 S 2 , S 1 S 3 , S 1 S 4 ) of S. squalidus. Approximately 80 cDNA clones from each library were selected on the basis of the differential screening results (hybridisation to subtracted pistil probe versus no hybridization to leaf probe) and sequenced. Functional annotation of the putative pistil-specific genes was performed using the BLAST-X algorithm. To generate a representative dataset of the S. squalidus transcriptome, the three subtracted libraries were combined and assigned functional categories (Table I) . A total of 174 cDNA clones was identified and of these 86% (150 cDNA clones) could be assigned a putative function according to the Gene Ontology database. The 174 cDNA clones corresponded to 115 different genes, with several genes present in multiple copies in the cDNA libraries. Over 50% of the genes identified were assigned functions in just four functional categories: metabolism (22%); transport (15%); signalling (11%); cell wall related (10%) (Fig.   1 ).
Confirmation of pistil-specific expression by northern hybridisation.
To confirm the expression of candidate genes in pistil tissues, northern hybridisation was performed on a subset of genes in the dataset (Fig. 2) . All six cDNA clones were expressed in pistil tissue, but not in leaf tissue, indicating that the suppression subtraction had worked efficiently. Four of the clones (encoding a nodulin protein, a membrane-associated protein, a myo-inositol oxygenase protein and a nematode resistance protein) were expressed exclusively in the pistil (Fig 2C-F) , and two (encoding a cytochrome p450 and a calcium binding kinase) were also expressed in pollen (Fig 2A-B) . The nematode resistance gene is expressed as several different sized transcripts in the pistil.
Comparison of the Senecio squalidus, Arabidopsis thaliana, Oryza sativa,
Nicotiana tabacum and Crocus sativus pistil transcriptomes
Pistil-specific datasets have so far been generated in just 2 species: Arabidopsis thaliana (Tung et al., 2005; Swanson et al., 2005) and Oryza sativa (Li et al., 2007) .
The A. thaliana datasets were generated from microarray analysis and cDNA subtraction of stigma tissue (Swanson et al., 2005) and microarray analysis of stigma/style tissue (Tung et al. 2005) . The O. sativa dataset was produced from analysis of an Affymetrix rice whole-genome array and cDNA microarray comparisons of stigma tissue (Li et al., 2007) . Additional data for pistil transcriptomes has also been generated recently in Crocus sativus (D'Agostino et al., 2007) and Nicotiana tabacum (Quiapim et al., 2009) . The N. tabacum pistil EST dataset was generated from stigma and style cDNA (Quiapim et al., 2009) , and the C. sativus EST dataset from stigma cDNA (D'Agostino et al., 2007) . Comparisons of the results generated by these separate studies with our data set from S. squalidus showed broad correlations in the functional gene classes identified (Fig. 1 , Table II Two independent studies in A. thaliana have indicated that the categories of metabolism, stress/defence, signalling and cell wall-related contain a large proportion of pistil-specific genes (Tung et al., 2005; Swanson et al., 2005) . A similar study in O. sativa identified the categories of cell-wall related, stress/defence and signal transduction as being the largest categories, and also reported a large number of genes involved in transcription (Li et al., 2007) . Correlations between the S. squalidus, A. thaliana and O. sativa data sets have highlighted certain functional groups that contain high numbers of pistil-specific genes in all three species. In particular these were cell-wall related and signalling, with the categories of transport, stress/defence and metabolism also containing a high percentage of pistil-specific genes.
Analysis of conserved pistil-specific genes
In addition to the similarities in the patterns of functional annotation of the pistilenriched datasets, a number of pistil-enriched gene classes were common to three or more different species (Table II) . Gene families that were consistently detected in the pistil tissues included cytochrome p450, ABC transporters and lipid transfer proteins.
A greater number of shared genes were identified between S. squalidus and the dry stigma species (A. thaliana. O. sativa and C. sativus) than with the wet stigma species (N. tabacum). This may be a consequence of the smaller N. tabacum pistil preferential dataset or may reflect fundamental differences between wet and dry stigmas. Sequence analysis of three conserved proteins indicated structural and functional similarity (Fig. 3) . Lipid-transfer proteins identified in the pistil-enriched datasets of Arabidopsis (At2g38530, At2g38540, At5g59310, At5g01870), rice (AK105838), Crocus (EX146511, EX1483990) and Senecio showed sequence homology to SCA (Q9SW93; ~50% protein identity), a LTP identified in Lilium longiflorum (Park and Lord, 2003) and shown to function in pollen tube adhesion and guidance (Chae et al., 2007) (Table II, Fig. 3a ). All twenty feature residues of the hydrophobic cavity characteristic of this gene family were conserved in the Senecio sequence. Additionally there were eight cysteine residues conserved between the sequences from all species (Fig. 3a) . A further cysteine-rich protein of unknown function was also identified in three out of five of the study species; Senecio, Arabidopsis (At2g37110) and rice (NP_001042073) (Table II) with a high level of sequence conservation (60% identity between rice and Arabidopsis, 71% identity between Arabidopsis and Senecio) (Fig. 3b) .
A pistil-specific gene showing sequence similarity to a member of the nodulin/mtn3 gene family was identified in separate studies of Arabidopsis (At1g21460, At5g53190), rice (CAE04315), tobacco (TOBC023B06) and Senecio. Seventeen copies of this gene have been identified in Arabidopsis (Guan et al., 2008) and eighteen in rice genomes (Chu et al., 2006; Yang et al., 2006) . Two of the A. thaliana orthologues were shown to be pistil-specific (At1g21460 and At5g51390) and a further two pollen-specific (At5g62850 and At5g40260). Interestingly, the S. squalidus protein exhibits higher homology to the N. tabacum (C023B06, C061G07) and O. sativa (CAE04315) proteins than any of the Arabidopsis proteins. All the nodulin/mtn3-like protein sequences share 7 transmembrane regions and 2 conserved intracellular regions, but have more variable extracellular regions (Fig. 4c ). Further analysis of this protein family in Arabidopsis indicated a complex pattern of evolution of pistil-and pollen-specific proteins, with the Senecio and rice pistil-specific proteins allying to different Arabidopsis clades (Fig. 4) . The Senecio pistil-specific nodulin shares greater sequence identity with the N. tabacum sequence (55 %) than those from Arabidopsis and rice (35 %, 31 %, respectively).
Novel pistil-specific genes in S. squalidus
The pistil cDNA libraries in Senecio contain a number of novel genes not previously identified as pistil-specific in other species and not present in our Senecio floral database (www.seneciodb.org). These include a WNK (With No K/lysine) kinase with a putative calcium-binding domain, a membrane-associated protein, a nematode resistance protein, and several hypothetical proteins of unknown function (Table I ).
The identification of novel pistil-specific genes in S. squalidus is particularly interesting, as this species possesses a sporophytic SI (SSI) system, which operates through a different mechanism to the well-characterised SSI system found in the Brassicaceae (Hiscock et al., 2003; Tabah et al., 2004) . The Senecio pistil dataset is therefore expected to contain genes potentially involved in mediating the female side of SSI, including primary S-recognition genes.
Discussion
The S. squalidus pistil-enriched transcriptome Suppression subtractive hybridisation was used successfully to isolate pistil-enriched transcripts from cDNA libraries constructed for three different S-genotypes of S.
squalidus. When combined, these yielded 115 different candidates for pistil-specific genes for S. squalidus. Differential screening of the cDNA libraries confirmed the expression of clones in pistil tissue. Northern blot analysis, performed on a subset of cDNA clones, revealed that expression of the majority of these genes was exclusive to pistil tissue. Both these methods of screening illustrated the efficiency of SSH for isolating tissue-specific genes. Pistil-specific genes are likely to play important roles in many stigma functions, including: defence, pollen adhesion and hydration, pollen tube guidance and structural support within the ECM, and SI. The pistil-enriched libraries created for S. squalidus have identified potential components of all these systems, and may be used to compliment and confirm information from other species for which pistil transcriptome data is available. We therefore compared all five available pistil transcriptomes -Oryza sativa and Crocus sativus (monocots), Arabidopsis thaliana (rosid clade), Nicotiana tabacum (euasterid I clade), and Senecio squalidus (euasterid II clade) spanning four major angiosperm clades that contain >90% of all flowering plants.
All five pistil transcriptomes show broad similarities in the proportion of genes in particular functional classes, the types of genes identified, and sequence similarities between protein products. Additionally, the S. squalidus SSH libraries contained a number of genes showing orthology to pistil-specific genes previously identified in other species (Park and Lord, 2003; Otsu et al., 2004; McInnis et al., 2005) .
Comparisons with data from other species and extensive Senecio EST databases (www.seneciodb.org) also identified a number of novel genes in the Senecio pistil cDNA libraries (Table I) . These are likely to correspond to rare transcripts in the pistil transcriptome and highlight the usefulness of SSH as a technique that is able to identify genes expressed specifically in the tissue of interest.
Comparisons of the currently available pistil datasets highlighted differences between results from whole-pistil and pistil-specific studies. The mature stigma dataset from C. sativus contained a large number of genes involved in metabolism, transport and transcription (D'Agostino et al., 2007, 157 genes) . The over-representation of metabolism genes in C. sativus compared to the other dry stigma species may be a consequence of the data set being a sample of the unsubtracted pistil transcriptome, not just pistil-specific transcripts. Alternatively, these differences may reflect the high levels of carotenoid metabolism in the highly specialised stigma of C. sativus (D'Agostino et al., 2007) . A comparison of the functional categories of the A.
thaliana pistil dataset at different resolutions of pistil specificity revealed differences in proportions of functional classes, highlighting classes that were important in general cellular function (plastid-related genes) and those required for pistil-specific processes (cell wall, ER, response to stress, plasma membrane) (Hiscock and Allen, 2008 ).
Comparative analyses of wet, dry and semi-dry stigma/style transcriptomes
When the data generated by the present study were compared with data from Arabidopsis thaliana, Nicotiana tabacum, Oryza sativa and Crocus sativus, similarities and differences were revealed (Swanson et al. 2005; Tung et al. 2005; Quiapim et al., 2009; Li et al., 2007; D'Agostino et al., 2007) . The study species differ in relatedness, pistil structure and function, and in specific pollen-pistil processes, allowing the opportunity to assess consensus across diverse taxa (Fig. S1 ).
Differences were observed between the dry stigma species (A. thaliana, O. sativa, C. sativus) and wet stigma species (N. tabacum) datasets, most notably in the proportions of genes in each functional class, and in the types of genes expressed exclusively in the pistil (Table II) . The largest functional categories in the N. tabacum pistil transcriptome were post-translational modification/protein turn-over, translation and energy production and conversion, suggesting that the N. tabacum pistil is composed of highly active metabolic cells, perhaps reflecting the active production of wet surface secretion, a defining feature of wet stigma species (Quiapim et al., 2009 ).
Data from dry stigma species consistently highlighted categories of cell wall-related and signalling as containing large numbers of genes and being over-represented in the dry stigma (Swanson et al., 2005; Tung et al., 2005; Li et al., 2007; Hiscock and Allen, 2008) . A detailed comparison of the A. thaliana and N. tabacum datasets revealed a low percentage of homologous sequences between the two species (Quiapim et al., 2009) . In contrast, comparisons of the rice and Arabidopsis datasets revealed 83 similar sequences, most of which belonged to cell wall-related and signal transduction groups, indicating conservation of these functions in the dry stigma. The S. squalidus dataset shared a greater number of homologous genes with the dry stigma species (A. thaliana, 37; O. sativa, 46; C. sativus, 39) than the wet stigma species (N. tabacum, 8); although a more thorough comparison involving additional species would be needed to confirm these results. However, similarities were also detected between the tobacco and Senecio pistil datasets; most notably a high number of extensin-like gene transcripts, a class of gene that has been well studied in the tobacco pistil (de Graaf et al., 2003) . It is interesting to observe similarities between S. squalidus and species with wet stigmas and dry stigmas because the semi-dry stigma of S. squalidus (Hiscock et al., 2002) may represent a derived form of either.
Evidence of conserved pistil-specific genes in diverse angiosperm groups
Despite the differences in gross pistil morphology between these diverse species, certain features of the pollination process appear to be shared: in particular the presence of lipids at the pollen-stigma interface, the involvement of small cysteinerich proteins in pollen-stigma interactions and the role of water as a directional cue for the pollen tube (Hiscock and Allen, 2008 ). The present study was able to identify additional potential correlations between the pistil datasets and individual pistilspecific genes, with several genes appearing to be restricted to wet, dry or semi-dry stigma transcriptomes (detailed below). In particular the protein sequences of three genes (a lipid transfer protein, a cysteine-rich protein and a nodulin/mtn3 protein) from different species were aligned and exhibited sequence similarity and conservation of functional residues (Fig. 3) . These examples of conserved pistilspecific genes may represent ancient pistil processes that have been maintained in diverse angiosperm species across the monocot-eudicot divide. Alternatively these genes may be evidence of the convergent evolution of classes of genes to acquire pistil-specific functions. There is a clear need for studies of the pistil transcriptomes of lower eudicots and basal angiosperms to answer these critical evolutionary questions.
Cysteine-rich proteins
Our comparative transcriptome analysis provides further support for the hypothesis that cysteine-rich proteins play important and varied roles during the pollen-pistil interaction (Verhoeven et al., 2005; Chae et al., 2007; Tang et al., 2004; Takayama et al., 2000; Doughty et al., 1998) . Several Cys-rich proteins were identified in the pistilenriched data sets of Senecio, Arabidopsis, rice, tobacco and Crocus. Two of these, a cys-rich protein of unknown function and a lipid transfer protein, were aligned to demonstrate sequence similarity and conservation of functional residues between the different species, suggesting a potential conserved role of these proteins in pistil function (Fig. 3) . The cys-rich protein of unknown function exhibited particularly high sequence similarity between the dry/semi-dry stigma species S. squalidus, A. thaliana and O. sativa (60-70% identity) . This protein was not detected in the tobacco pistil transcriptome, suggesting a role specific to dry/semi-dry stigmas only.
The lipid transfer protein was detected in all species studied, and typically was expressed at high levels in the pistil (Tung et al., 2005; Swanson et al., 2005; Quiapim et al., 2009 ). The tobacco sequence exhibits very high sequence identity (83.4%) to LTP (Q03461), a protein that has been shown to mediate cell-wall loosening activity in the stigma exudate (Nieuwland et al., 2005) . These LTP's are also related to another LTP, SCA (Q9SW93), which is involved in pollen tube adhesion and guidance in lily (Park and Lord, 2003; Kim et al., 2006; Chae et al., 2007) .
Cell-wall-related proteins
Within the cell-wall-related functional category several classes of genes were present in data sets from all five study species. These included extensin-like proteins and hydroxyproline-rich glycoproteins, consistent with previous work that has shown these classes of protein to be ubiquitous components of transmitting tissue of the pistil through which pollen tubes grow and navigate to the ovules (Wu et al., 2001 ). Both the S. squalidus and N. tabacum datasets contained large numbers of extensin-like genes, suggesting that this class of gene is particularly important in wet and semi-dry stigmas, in contrast to the Arabidopsis, rice and Crocus datasets which each contained just one extensin-like gene. In N. tabacum these proteins have been implicated to function in a range of different processes within the pistil including pollen-tube guidance and SI (de Graaf et al., 2003; Cheung et al., 1993; Wu et al., 1995; Hancock et al., 2005) . Another putative pistil-specific cell-wall component identified in S.
squalidus was a pectinesterase, a class of enzymes also present in the data sets of rice, Arabidopsis and Crocus, highlighting their importance in dry and semi-dry stigma function. Pectinesterase-like proteins are hypothesised to function in enabling pollen tube growth through the papilla cell wall by mediating cell wall loosening and expansion (Bosch et al., 2005; Bosch and Hepler, 2006) .
Signalling genes
In the signalling class of pistil-specific proteins, a relatively large number of receptorlike protein kinases are present in the S. squalidus data set, consistent with results from other species (Swanson et al., 2005; Tung et al., 2005; Quiapim et al., 2009; Li et al., 2007; D'Agostino et al., 2007) . It is likely that these pistil-specific kinases are specialised to co-ordinate pistil development, defence responses and to facilitate communication between the pollen and pistil, with downstream implications on pollen tube growth (Johnson and Preuss, 2003) . This class of proteins have been studied in both dry and wet stigmas of the Brassicaceae and Solanaceae, respectively. The most extensively-studied example of a stigma-specific receptor kinase is the S-receptor kinase (SRK) from the Brassicaceae, which regulates the female response in SSI (Takayama and Isogai, 2005) . Pollen-specific receptor-like kinases (Muschietti et al., 1998) have been shown to interact with corresponding pistil cysteine-rich protein ligands LAT52 (Tang et al., 2002) and LeSTig1 (Tang et al. 2004) and are thought to mediate pistil response to pollen tube growth in tomato.
Transport genes
The Senecio, Arabidopsis and rice pistil-enriched data sets contain a significant proportion of genes that potentially play a role in transport within the pistil, suggesting that this function is particularly important in dry and semi-dry stigmas.
All five species datasets contained at least one member of the ABC transporter family, a family of proteins that function in the transport of a wide variety of substrates across extra-and intracellular membranes, including metabolic products, lipids and sterols (Sidler et al., 1998) . The Senecio and Arabidopsis (NP_181467) sequences exhibited high sequence similarity (74% and 73% identity respectively) with a pistil-specific ABC transporter gene, NtWBC1 (Nicotiana tabacum ABC transporter of the whitebrown complex subfamily, AAR06252), which has been characterized in tobacco (Otsu et al., 2004) . Expression of NtWBC1 is localised to the stigmatic secretory zone, to the cells that produce the stigmatic exudate and it is thought that this protein may be involved in the transfer of lipids to the stigmatic exudate (Otsu et al., 2004) . It may be hypothesised that the orthologue of NtWBC1 acts in a similar way in the semi-dry stigma of S. squalidus, where secretion of the surface exudate is enhanced in stigmatic papillae after pollination (Hiscock et al., 2002) .
Another common feature of pistil function is the presence of a stigmatic water gradient acting as an initial directional cue for pollen tube growth (Hiscock and Allen, 2008) . In dry stigma species, the presence of water at the stigma surface is highly regulated (Dickinson, 1995) . In Brassica, a stigma-specific aquaporin (MIP-MOD, AAB61378) has been implicated in the regulation of water flow into the pollen grain In addition to the putative EDGP/Nectarin IV orthologue, a gene showing sequence similarity (59% identity) to Nectarin 1 from Petunia (NEC1, AAG34696) was also identified in the Senecio pistil-enriched data sets. NEC1 belongs to the mtn3/saliva family of proteins (Ge et al., 2000) . A homologue of another member of this family, nodulin/mtn3, was also identified in the Senecio, Arabidopsis, tobacco and rice pistils.
Members of this protein family have been implicated in diverse cellular processes, including disease resistance and pollen development, although their specific function is unknown (Guan et al., 2008; Yang et al., 2006) . In the Arabidopsis and rice genomes, nodulin/mtn3 proteins are present in high copy number (17 and 18 genes, respectively). In Arabidopsis, at least four members of this gene family are expressed exclusively in reproductive tissues (Fig. 4) . Identification of pistil-specific proteins in four of the pistil preferential datasets (Table II; 
Conclusion
The aim of this study was to expand upon currently available data for genes expressed in pistils by analysing the pistil transcriptome of a species from the Asteraceae (Senecio squalidus). S. squalidus possesses a 'semi-dry' stigma, intermediate between the 'wet' and 'dry' stigmas typical of most angiosperms and all species previously analysed at the level of pistil gene expression. By selecting a species from the Asteraceae for analysis we were also able to sample a representative of the asterid II clade, a major angiosperm clade for which there was no data on pistil-expressed genes prior to our study. We were therefore able to explore two key hypotheses: i) that the 'semi-dry' stigma of S. squalidus will express genes common to species with wet and dry stigmas, as well as expressing genes specific to the semi-dry stigma of the Asteraceae, and ii) that certain classes of genes potentially essential for pistil function will be conserved between diverse angiosperm groups and therefore common to the pistil transcriptomes of the five angiosperm species sampled to date. Overall, our findings support both these hypotheses. With respect to hypothesis i) our data show that the pistil transcriptome of S. squalidus is generally more similar to the dry stigma transcriptome of Arabidopsis but also contains genes expressed in wet stigmas. S.
squalidus pistils also express a number of unique genes that could potentially be involved in the novel mechanism of sporophytic SI found in the Asteraceae.
With respect to hypothesis ii) our comparison of the five available pistil transcriptomes -Oryza sativa (rice) and Crocus sativus (crocus), representing monocots, and Arabidopsis thaliana, Nicotiana tabacum (tobacco), and S. squalidus, representing three divergent clades of eudicots, identified genes encoding a number of potentially orthologous proteins, most notably a lipid transfer protein, a cysteine-rich protein, and a nodulin/mtn3 protein. It is likely that these proteins play similar roles in their respective species, and may represent components of the pollen-pistil interaction machinery system common to the majority of the angiosperms. This suggests that some of the complex interactions underlying pistil function in diverse species with wet, dry and semi-dry stigmas are shared and have been inherited from the common ancestor of monocots and eudicots (Hiscock and Allen, 2008) .
Materials and methods
Plant material
All Senecio squalidus plants were grown in glasshouse conditions, according to Hiscock (2000) . S-genotyped individuals (S 1 S 2 , S 1 S 3 and S 1 S 4 , Brennan, Tabah, Harris, and Hiscock, submitted) were used for RNA and DNA extraction.
Suppression subtractive hybridisation
Total RNA was extracted from leaf and pistil tissue from plants of three different Sgenotypes (S 1 S 2 , S 1 S 3 and S 1 S 4 ) using the TRIzol® reagent, according to the manufacturer's instructions (Invitrogen). cDNA was then synthesised from total pistil and leaf RNA using the SMART PCR cDNA Synthesis kit (Clontech). Subtraction was performed separately for each genotype using cDNA from pistil and leaf tissue using the PCR-Select cDNA subtraction kit (Clontech). This technique includes a normalization step to equalize the abundance of transcripts, allowing comparisons of copy number to be made. Reverse subtractions were also performed for each genotype for the purposes of differential screening. The subtracted PCR products were cloned using the TOPO TA-cloning kit (Invitrogen) and screened for inserts.
All colonies containing inserts were picked and transferred to separate wells of a 96-well plate containing Luria-Bertani (LB) broth.
Colony arrays were created by dot-blotting cultures of each clone onto a nylon membrane (Hybond-NX, GE Healthcare), placed on the surface of a plate of LB agar containing 100 µg/ml ampicillin and incubated at 37˚C overnight. The membrane was denatured, neutralized, and DNA fixed to the membrane by baking for 1.5 hours at 80˚C. The resulting subtracted libraries were differentially screened using total leaf cDNA, total pistil cDNA, subtracted leaf cDNA and subtracted pistil cDNA as probes. Probes were prepared using Ready-To-Go™ DNA Labelling Beads (GE Healthcare) and labelled with [α -32P ] dCTP (Amersham Biosciences). Hybridisation was performed in Southern hybridisation solution (300mM NaPO 4 buffer, 7% SDS, 1mM EDTA, 10mg/ml BSA) at 65˚C. Following hybridisation, the membranes were washed in four changes of 0.2xSSC/0.5%SDS buffer at 65˚C, before being exposed to BioMax MS-1 autorad film (Kodak). cDNA clones which hybridised strongly to subtracted pistil cDNA, but not to leaf cDNA were identified as pistil-expressed and sequenced by Geneservice (University of Oxford), using the M13 forward universal 
Northern blot analysis
Total RNA was extracted from vegetative tissues; root, leaf, stem, capitulum bud, flower bud and pistil tissue using the Plant RNeasy kit (Qiagen) and from pollen using et al., (1989) . After hybridisation, the membranes were washed in four changes of 1xSSC/0.1%SDS buffer at 42˚C, before being exposed to BioMax MS-1 autorad film (Kodak).
Comparison of pistil datasets from different species
Pistil-enriched data sets from Arabidopsis thaliana (Swanson et al., 2005; Tung et al., 2005) , Oryza sativa (Li et al., 2007) DNA and protein sequences were aligned using DNAMAN (Lynnon Corporation).
Homology trees were created from multiple alignments using default parameters. The DNAsp package was used to calculate summary statistics of polymorphism data.
Phylogenetic trees were generated from alignments using PAUP v 4.0b 10 (Swofford, 2003) . Parsimonius trees were generated via a heuristic search with branch swapping set at 1000 rearrangements. Bootstrap calculations were based on 1000 replicates. 
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